Designing A Sustainable Energy-harvesting Stairway: Determining Product Specifications Using TRIZ Method  by Puspitarini, Debrina et al.
 Procedia - Social and Behavioral Sciences  216 ( 2016 )  938 – 947 
Available online at www.sciencedirect.com
1877-0428 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of IEREK, International experts for Research Enrichment and Knowledge Exchange
doi: 10.1016/j.sbspro.2015.12.091 
ScienceDirect
Urban Planning and Architecture Design for Sustainable Development, UPADSD 14- 16 October 
2015 
Designing A Sustainable Energy-harvesting Stairway: determining 
product specifications using TRIZ method 
Debrina Puspitarinia*, Amalia Suziantia, Harun Al Rasyida 
aDepartment of Industrial Engineering, Faculty of Engineering, 
Universitas Indonesia, Depok 16424. 
 
Abstract 
In pursue of a new potential sustainable energy source as a respond to global warming, a literature study was conducted, resulting 
in a decision to design an energy-harvesting stairway that generates electricity from humans stepping movement’s potential 
energy. This paper discusses the planning and the concept developing in designing the stairway. As an initial step, the stairway’s 
product characteristics is defined using brainstorming. The characteristics were later processed into a questionnaire spread to 42 
respondents to obtain the stairway’s customer’s needs. An NPD approach using TRIZ was utilised to determine the stairway’s 
product specification based on the customer needs obtained.  
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1. Introduction 
As a respond to the global warming phenomenon, numerous ways to exploit new sustainable potential energy 
sources have been pursued. One of those ways is to create an energy-harvester; a device which captures free chunks 
of potential energy scattered around in its surroundings and transform them into another form of energy (commonly 
into electricity). 
In recent years, several studies have been conducted to better exploit potential energy sources with energy-
harvester as an approach. A Biomechanical Energy-Harvester is one of many energy-harvester types which has 
gained much focus. It captures the potential energy generated from humans motion and later transforms it into 
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 electricity. A good example of many developed Biomechanical Energy-Harvesters is the Sustainable Dance Floor 
(SDF) which takes form as floor tiles equipped with set of spring beneath and a number of energy-harvesting blocks 
with piezoelectric material installed on the surface. The SDF can be easily found inside night clubs in the 
Netherlands. Another good example is the knee-mounted device which is worn around  a user’s knee and captures 
the potential energy generated by his knee joints during any motion in which the knee gets involved (Donelan, Li, 
Hoffer, Weber, & Kuo, 2008). Unlike the SDF, this device has to be carried along by its user everytime during the 
motion’s course. 
Based on previous researches, it has been decided to develop an energy-harvesting stairway which has a similar 
working concept with the SDF in general yet planned with some adjusments specifically in terms its of working 
mechanism in order to enable the stairway to generate electricity from smaller potential energy input compared to 
the amount of input generated from energic dancing movements on SDF’s surface.  
An approach of New Product Development (NPD) was applied in developing the stairway’s design and the TRIZ, 
one of NPD’s tools, was used to develop the stairway’s product specifications. This research proposes a semi-public 
energy-harvesting stairway which is designed to be used by the public and to be placed both outdoor and indoor. It 
could be installed inside lecture halls, hotels, footbridges and etc. 
 
1.1 Research Gap 
The following Table 1. 1 shows some literatures of previous researches on human-motion energy-harvester 
which are treated as a ground basis behind the decision to develop an energy-harvesting stairway. 
The researches in Table 1. 1 could be classified based on the usage procedures and based on the applied 
technology as shown in Table 1. 2 to determine the position of this research in regards to the studied previous 
researches. This was done to find out how to generate power with user exempted from having to carry the device 
along during motion. From the existing technologies, the proposed stairway design would combine the use of DC 
generator technology and the use of piezoelectric material. Although this combination has been applied in earlier 
research(es), the piezoelectric material was only placed on particular spots around the stair’s spring, not on the 
whole surface beneath the stair and the design still lacked ergonomic approach. Furthermore, the earlier design was 
still not stable as the stairs became too unsteady when stepped on by user. For that  reason, this research proposed an 
energy-harvesting stairway which will be more stable when stepped on. An ergonomic analysis will be conducted to 
ensure whether the stairway will be ergonomic and safe for use. Although combining three aspects i.e. the energy-
harvesting stairway product design, the energy-harvesting staiway technology, and the energy-harvesting stairway 
ergonomic aspect, this paper only discusses until the stairway design is finalized. 
Table 1.1 Literatures List of Previous Researches on Human-Motion Energy-Harvester 
No. Title Authors Year Content Scope 
1 Triboelectric nanogenerator 
built inside shoe insole for 
harvesting walking energy 
 
Te-Chien Hou, 
Ya Yang, Hulin 
Zhang, Jun 
Chen, Lih-
Juann Chen, 
Zhong Lin 
Wang 
 
2013 A TENG was created and attached onto a 
shoe sole inside the shoe to harvest 
energy during user’s walking or running 
motion. It used Polydimethylsiloxane 
(PDMS) film and Polyethylene 
terephthalate (PET) film as its material. 
The device could generate 220 V and 40 
micro Ampere. Furthermore, a shoe sole 
with a single layer of TENG was created 
to light up 30 LED lamps assembled in a 
series circuit. 
The TENG technology was 
only designed to be applied 
inside a footwear 
 
2 Electromagnetic generator for 
harvesting energy from human 
motion 
C.R. Saha, T. O' 
Donnell, N. 
Wang, P. 
McCloskey 
2008 An electromagnetic generator attached 
onto human body which generated 
electricity during user’s motion. This 
device could be functionally combined 
with other electronic appliances carried 
along by user. Results showed that the 
prototype could generate between 300 
micro Watt and 2,5 mW.  
The generated energy was 
only designed to charge an 
electronic device carried 
along together during user’s 
motion 
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3 Piezoelectric Energy 
Harvesting 
Christopher A 
Howells 
2009 A four proof of concept heel strike unit 
was created and took form of a small-
sized electricity generator which utilised 
piezoelectric material to turn mechanical 
energy into electricity 
The piezoelectric material 
was underexploited. 
No. Title Authors Year Content Scope 
4 Power-generating shoe insole 
based on triboelectric 
nanogenerators for self-
powered consumer electronics 
Guang Zhu, 
Peng Bai, Jun 
Chen, Zhong 
Lin Wang 
2013 A fully packaged self-lighting shoe 
which self-generated electricity though 
Triboelectric Nanogenerator muti layer 
The generated electricity was 
only desgined to light up the 
lamp attached onto the shoe 
surface 
5 Staircase Power Generation 
Using Piezo-Electric 
Transducers 
V. 
Prasannabalaji, 
R. Rakesh, S. 
Sairam, S. 
Mahesh 
2013 An electricity-generating staircase with 
piezoelectric material and static 
converter. This device costed aroung Rs 
1800 and used spring to return the 
staircase’s position into its original state 
The piezoelectric material 
was only placed on 
particular spots not beneath 
the whole surface of the stair 
and the designed lacked 
ergonomic approach  
6 Smart Stairs: Harvesting 
Energy through Human Traffic 
Lindsay 
Bellamy, Tomer 
Goldenberg, Ziv 
Gruber, Jerome 
James 
2009 An energy-harvesting staircase with DC 
generator was crated. The device could 
generate electiricity up to 7,47 W and 
used used spring to return the staircase’s 
position into its original state 
The stairs’ design was still 
not stable when stepped by 
user and lacked ergonomic 
approach 
Table 1.2 Previous Research Literature Matrix and the Position of the Proposed Research 
 
In general, the proposed stairway’s work mechanism exploits the compressing force generated as one steps onto 
one of its stairs. The stairs were designed to move down relatively according to its frame as far as 1.5 cm at its 
maximum. When the stairs got compressed, they would press a gear which would press a generator installed in an 
empty space inside the stairway’s frame. Consequently, electricity would be generated and stored in a battery. 
 
1.2 TRIZ (Teoriya Resheniya Izobreatatelskikh Zadach) 
TRIZ is a methodology which is used as a problem-solving tool by product or process designer. TRIZ not only 
accelerates design process but also enhances performances under various trade-offs which are normally perceived by 
designers as impossible to be taken advantage of. TRIZ was found by Altschuller (1926-1998) 
The occuring conflicts are mainly in terms of reliability vs complexity, productivity vs accuracy, strength vs 
ductility and etc.. There are several important terms when it comes to TRIZ; contradictions matrix, 39 principles, 
and 40 inventive principles. In order to resolve a conflict, a contraditions matrix consisted of 39 features will be 
utilized. Table 1.3 below shows the 39 features within the contradictions matrix. 
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Once results have been obtained using the matrix, the next step to resolve a conflict is to contradict the 
intersecting cell from the corresponding row and coloumn with several alternatives taken from the 40 inventive 
principles. The list of the 40 principles is shown in the following Table 1. 4 
Table 1. 3 Explanations of the 39 Features of the Contradiction Matrix 
Source:  (Domb, Miller, MacGran, & Slocum, 1998) 
No. Features Explanation 
1 Weight of moving object The mass of the object, in a gravitational field. The force that the body exerts on its support or 
suspension. 
2 Weight of stationary object The mass of the object, in a gravitational field. The force that the body exerts on its support or 
suspension, or on the surface on which it rests 
3 Length of moving object Any one linear dimension, not necessarily the longest, is considered a length. 
4 Length of stationary object Any one linear dimension, not necessarily the longest, is considered a length. 
5 Area of moving object A geometrical characteristic described by the part of a plane enclosed by a line. The part of a 
surface occupied by the object. OR the square measure of the surface, either internal or 
external, of an object. 
6 Area of stationary object A geometrical characteristic described by the part of a plane enclosed by a line. The part of a 
surface occupied by the object. OR the square measure of the surface, either internal or 
external, of an object. 
7 Volume of  moving object The cubic measure of space occupied by the object. Length x width x height for a rectangular 
object, height x area for a cylinder, etc. 
8 Volume of stationary object The cubic measure of space occupied by the object. Length x width x height for a rectangular 
object, height x area for a cylinder, etc. 
9 Speed The velocity of an object; the rate of a process or action in time. 
10 Force (Intensity) Force measures the interaction between systems. In Newtonian physics, force = mass X 
acceleration. In TRIZ, force is any interaction that is intended to change an object’s condition. 
11 Stress or pressure Force per unit area. Also, tension. 
12 Shape The external contours, appearance of a system. 
13 Stability of  the object's composition The wholeness or integrity of the system; the relationship of the system’s constituent elements. 
Wear, chemical decomposition, and disassembly are all decreases in stability. Increasing 
entropy is decreasing stability. 
14 Strength The extent to which the object is able to resist changing in response to force. Resistance to 
breaking. 
15 Duration of action of moving object The time that the object can perform the action. Service life. Mean time between failures is a 
measure of the duration of action. Also, durability. 
16 Duration of action by stationary 
object 
The time that the object can perform the action. Service life. Mean time between failures is a 
measure of the duration of action. Also, durability. 
17 Temperature The thermal condition of the object or system. Loosely includes other thermal parameters, such 
as heat capacity, that affect the rate of change of temperature. 
18 Illumination intensity Light flux per unit area, also any other illumination characteristics of the system such as 
brightness, light quality, etc. 
19 Use of energy by moving object The measure of the object’s capacity for doing work. In classical mechanics, Energy is the 
product of force times distance. This includes the use of energy provided by the super-system 
(such as electrical energy or heat.) Energy required to do a particular job. 
20 Use of energy by stationary object The measure of the object’s capacity for doing work. In classical mechanics, Energy is the 
product of force times distance. This includes the use of energy provided by the super-system 
(such as electrical energy or heat.) Energy required to do a particular job. 
21 Power The time rate at which work is performed. The rate of use of energy. 
22 Loss of Energy Use of energy that does not contribute to the job being done. See 19. Reducing the loss of 
energy sometimes requires different techniques from improving the use of energy, which is why 
this is a separate category. 
23 Loss of substance Partial or complete, permanent or temporary, loss of some of a system’s materials, substances, 
parts, or subsystems. 
24 Loss of Information Partial or complete, permanent or temporary, loss of data or access to data in or by a system. 
Frequently includes sensory data such as aroma, texture, etc. 
25 Loss of Time Time is the duration of an activity. Improving the loss of time means reducing the time taken 
for the activity. “Cycle time reduction” is a common term. 
26 Quantity of substance/the matter The number or amount of a system’s materials, substances, parts or subsystems which might be 
changed fully or partially, permanently or temporarily. 
27 Reliability A system’s ability to perform its intended functions in predictable ways and conditions. 
28 Measurement accuracy The closeness of the measured value to the actual value of a property of a system. Reducing the 
error in a measurement increases the accuracy of the measurement. 
29 Manufacturing precision The extent to which the actual characteristics of the system or object match the specified or 
required characteristics. 
30 Object-affected harmful factors Susceptibility of a system to externally generated (harmful) effects. 
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No. Features Explanation 
31 Object-generated harmful factors A harmful effect is one that reduces the efficiency or quality of the functioning of the object or 
system. These harmful effects are generated by the object or system, as part of its operation. 
32 Ease of manufacture The degree of facility, comfort or effortlessness in manufacturing or fabricating the 
object/system. 
33 Ease of operation Simplicity: The process is NOT easy if it requires a large number of people, large number of 
steps in the operation, needs special tools, etc. “Hard” processes have low yield and “easy” 
process have high yield; they are easy to do right. 
34 Ease of repair Quality characteristics such as convenience, comfort, simplicity, and time to repair faults, 
failures, or defects in a system. 
35 Adaptability or versatility The extent to which a system/object positively responds to external changes. Also, a system that 
can be used in multiple ways for under a variety of circumstances. 
36 Device complexity The number and diversity of elements and element interrelationships within a system. The user 
may be an element of the system that increases the complexity. The difficulty of mastering the 
system is a measure of its complexity. 
37 Difficulty of detecting and measuring Measuring or monitoring systems that are complex, costly, require much time and labor to set 
up and use, or that have complex relationships between components or components that 
interfere with each other all demonstrate “difficulty of detecting and measuring.” Increasing 
cost of measuring to a satisfactory error is also a sign of increased difficulty of measuring. 
38 Extent of automation The extent to which a system or object performs its functions without human interface. The 
lowest level of automation is the use of a manually operated tool. For intermediate levels, 
humans program the tool, observe its operation, and interrupt or re-program as needed. For the 
highest level, the machine senses the operation needed, programs itself, and monitors its own 
operations. 
39 Productivity The number of functions or operations performed by a system per unit time. The time for a unit 
function or operation. The output per unit time, or the cost per unit output. 
 
Table 1. 4 The 40 Inventive Principles of TRIZ 
No Features No Features No Features No Features 
1 Segmentation 11 Beforehand cushioning 21 Skipping 31 Porous materials 
2 Taking out 12 Equipotentiality 22 Blessing in disguise 32 Color changes 
3 Local Quality 13  'The other way around' 23 Feedback 33 Homogeneity 
4 Asymmetry 14 Spheroidality 24 Intermediary 34 Discarding and recovering 
5  Merging 15 Dynamics 25 Self-service 35 Parameter changes 
6 Universality 16 Partial or excessive actions 26 Copying 36 Phase transitions 
7 Nested doll' 17 Another dimension 27 Cheap short-living 37 Thermal expansion 
8 Anti-weight 18 Mechanical vibration 28 Mechanics substitution 38 Strong oxidants 
9 Preliminary anti-action 19 Periodic action 29 Pneumatics and hydraulics 39 Inert atmosphere 
10 Preliminary action 20 Continuity of useful action 30 Flexible shells and thin films 40 Composite material 
 
1.3 Energy-Harvesting 
Energy Harvesting is the process of deriving energy from external sources e.g. thermal energy, wind energy, 
kinetic enegery, vibration energy, and etc. which could be classified into two categories; macro-energy harvesting 
and micro-energy harvesting. The difference between the two categories lies on the amount of output resulted and 
the type of tools used to convert the original form of energy into the desired one. Figure 1.1 presents a brief 
explanation of the work mechanism in energy harvesting procecss. 
 
  
Figure 1. 1 Energy Harvesting Work Mechanism 
Source: (Bickerstaffe, 2011) 
Figure 1. 2 A Block of Energy-Harvesting Stair Developed at 
University of Western Ontario 
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A set of energy harvester would be consisted of a transducer, a conditioning, and an energy storage (usually in a 
form of a battery or an accumulator) at its minimum. The two last devices work together and the tranducer converts 
energy from its original form into the desired form (usually into electricity). 
A good example of an energy-harvesting device is the Smart Stair which is an energy-harvesting stairs 
developed by Linday Bellamy, Tomer Goldenberg, Ziv Gruber and Jerome James (2009) at the University of 
Western Ontario, Canada. The researchers designed an energy-harvesting mechanism which exploits the motion of 
stepping onto stairs which later spins a DC generator hidden beneath the staircase. Figure 1. 2 shows the 3 
dimensional design of the staircase. This staircase could produce up to 8,88 Watt of potential energy. 
 
2. Data Acquizition 
 
Data acquisition was conducted through interviewing respondents using a questionnaire. The questionnaire used 
in this study was filled with a list of potential product characteristic alternatives for an energy-harvesting stairway. 
The list had been previously developed by means of brainstorming. 
A number of 42 respondents made up of students, lecturers, and official staffs of the Department of Industrial 
Engineering, Universitas Indonesia were interviewed and asked to fill up the questionnaire through giving a score of 
importance to every characteristic alternative available from 1 to 5 (not important to very important). The judging 
framework was based on each respondent’s personal reasoning. 
After all data had been acquired, the total score was calculated for each product characteristic alternative through 
multiplying the score with its frequency. Table 2.1 shows a list of sorted product characteristics based on their 
individual total score with those whose the total score is higher to lower. 
Table 2. 1 Total Scores for Each Product Characteristic Alternative 
Rank Product Characteristics 1 2 3 4 5 Total Score 
1 Not slippery 1 0 2 13 26 189 
2 Does not cause any electric shock 1 1 5 7 28 186 
3 Could load a heavy weight 0 1 4 13 24 186 
4 Easy to take care 1 1 3 14 23 183 
5 Energy-efficient (does not overheat) 1 1 4 15 21 180 
6 Remains stable when stepped on 1 2 5 12 22 178 
7 Pressure-sensitive 0 2 3 21 16 177 
8 Durable 0 1 6 20 15 175 
9 Easy to repair 0 3 7 17 15 170 
10 Chemical-fluids-resistant (e.g. water, and etc.) 0 2 9 19 12 167 
11 Temperature-and-extreme-weather-resistant 3 1 6 19 13 164 
12 Stable output of electric current 0 3 14 10 15 163 
13 Easy to assemble and install 2 6 10 16 8 148 
14 Easy to distinguish (e.g. use of color, sign, and etc.) 3 9 9 10 11 143 
 
3. Determining Product Specifications 
To determine the final product specifications for the energy-harvesting stairway, the product characteristics 
acquired need to be processed using TRIZ method the following steps: 
1. Identifying features of the TRIZ contradictions matrix which represent the characteristics desired by potential 
users 
2. Determining the alternative solutions (inventive principles) from 2 traded-off TRIZ features 
3. Conducting a realization of previously elected solution for each product specifications 
 
The product characteristics are represented by various features of the TRIZ contradiction matrix in Table 3. 1 
Below are examples on how an alternative solution is determined. 
The “not slippery” characteristic is represented by a pair of features in the contradiction matrix which consists 
“stability of object’s composition (13)” feature and the “object generated harmful factors (31)” features. To create a 
more non-slippery stair, its stability of material composition has to be increased. However, as an object’s material 
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stability gets increased, the object could end up creating dangerous impact (e.g. some materials with stable 
composition which have high coefficients of expansion may cause unstable stair movement when the provided space 
is not large enough and may cause users to fall). The solution suggested by TRIZ for this contradiction is “inert 
atmosphere (39)”. Thus, the most likely realization to be conducted is to use material whose shape and material is 
uneasy to change, when stepped on both when it is raining or hot in the place where the stairway is positioned. The 
alternative materials to be used is steel or ceramics. The next pair of features to be contradicted consists of the 
“shape (12” feature and the “Object generated harmful factors (31)” feature. Another way to create non-slippery 
stairs is to improve the shape and design of the stairway. However, improving them also comes with price. The right 
solution adopted from TRIZ inventive principles to resolve the contradiction is “segmentation (1)” and the most 
likely realization is to place grids made of rubber on the surface of each stair. 
The characteristic of “does not cause any electric shock” is represented by the two traded-off features: “stability 
of object’s composition (13)” and the “object generated harmful factors (31)”. To create an energy-harvesting 
stairway free from any electric shock, composition stability of the stairway system has to be high. However, doing it 
is not without consequence. The solution adopted from TRIZ for the two contradicting features is “inert atmosphere 
(39)” and thus, the most likely realization is to use isolator material e.g. wood, rubber, ceramics, and so forth. 
The features of “strength (14)” and the “ease of manufacture (32)” represent the “could load a heavy weight” 
characteristic. Should stairs be loaded with a heavy weight, its composing material had to be strong. But, robust 
material is relatively difficult to manufacture. The solution adopted from TRIZ for this contradiction is “local 
quality (3)” and the most likely realization is to build a supporting trestle to distribute weight in form of a frame. 
The process of determining the realizations continued for the remaining product characteristics until all product 
specifications are determined as shown in Table 3. 2. 
Table 3. 1 Product Characteristics Interpretation into Features of TRIZ Contradiction Matrix 
No Product Characteristic 
Feature to 
Improve Worsen 
1 Not slippery Stability of object’s composition (13) Object generated harmful factors (31) 
Shape (12) Object generated harmful factors (31) 
2 Does not cause any electric shock Stability of object’s composition (13) Object generated harmful factors (31) 
3 Could load a heavy weight Strength (14) Ease of manufacture (32) 
4 Easy to take care Ease of repair (34) Device complexity (36) 
  Ease of operation (33) Device complexity (36) 
5 Energy-efficient (does not overheat) Productivity / capacity (39) Loss of energy (22) 
6 Remains stable when stepped on Strength (14) Object generated harmful factors (31) 
Stability of object’s composition (13) Object generated harmful factors (31) 
Shape (13) Object generated harmful factors (31) 
7 Pressure-sensitive Power (21) Durability of action of moving object (15) 
Power (21) Force (10) 
8 Durable Durability of mobile object (15) Device complexity (36) 
9 Easy to repair Ease of repair (34) Device complexity (36) 
10 Chemical-fluids-resistant (e.g. water, and etc.) Stability of object’s composition (13) Ease of manufacture (32) 
11 Temperature-and-extreme-weather-resistant Durability of action of mobile object (13) Object-affected harmful factors (30) 
Adaptability (35) Object-affected harmful factors (30) 
12 Stable output of electric current Power (21) Loss of energy (22) 
Productivity / capacity (39) Force (22) 
13 Easy to assemble and install Ease of manufacture (32) Device complexity (36) 
14 Easy to distinguish  Illumination intensity (18) Object generated harmful factors (31) 
 
Table 3. 2 The Energy-harvesting Stairway Product Specifications 
No. Product Specifications 
1. The foothold to be coated with stell, ceramics, wood, or alumunium 
2. The surface of the foothold to have grids 
3. The stairway to be equipped with rubber, wood, ceramics, or other isolator materials 
4. The frame to have a trestle structure 
5. Sensitive parts (i.e. electric system) to be covered by a case 
6. Electric system to be colored in red 
7. The stairway to be equipped with a reducer made of sponge 
8. The footholds not to be fixed and sticked to the stairway’s frame 
9. Spring coil to be installed beneath each foothold 
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10. Stepping pressure to be converted into electricity 
11. The footholds, the frame, and the generator to be detachable  
 
4. Finalizing The Design of The Energy-harvesting Stairway 
 
After the energy-harvesting stairway’s product description had been acquired, it had to be transfromed into a 
finalised design. In general, the design is made up of three main elements i.e. the frame, the stairs, and the generator 
set. The three elements are designed to be separated yet easy to be both assembled and disassembled.  
The stairway’s generator is protected with covering shields. In the proposed design, only one generator is 
utilized. The series of gears are placed beneath the stairs to channel users’ pressure force until reaching the 
generator. All gears end themselves onto an axial knob which spins the generator. 
To ensure the its structure strong and robust, the frame is designed to be made of steel. Furthermore, the trestle 
structured frame would distribute weight equally, thus keeping it standing firm even if loaded with a haevy weight. 
The foothold moves relatively to the frame. A knob is placed beneath each footholod to channel users’ pressure 
force while moving downwards as the foothold is being stepped thus spinning the gear placed beneath. Between the 
foothold and the section of the frame which supports the foothold, an empty space is provided to allow the foothold 
moves vertically when pressurized 
The vertical movement of the foothold is enabled by the spring coil placed at the empty space between the 
bottom side of each foothold and the upper side of the frame which supports it. The distance of the movement is 
determined by the pressure which the spring coil bear. In addition to several spring coils, piezoelectric sensors and 
sponge reducers are also installed. The piezoelectric sensor (marked with the red box) acts as a secondary power 
producer while the generator system acts as the primary one. The sponge reducers (marked with blue box) are 
installed to stabilise the foothold while being stepped on. Therefore, the change of the power inputs would not be all 
of a sudden hence the stabilizing the outputs of electricity and making the stairway more energy-efficient.  
When a foothold is being stepped on, the piezoelectric sensors placed beneath is also being pressurized and 
vibrates resulting in electricity. At the same moment, the knob beneath the foothold is also moving downwards 
spinning the gear placed at the generator system under the stairs. 
There are several alternatives available of materials for the footholds in the product specifications (See section 3) 
i.e. ceramics, durbar floor plate, aluminum, and wood. These four materials are the most common to be used as 
foothold on top of stairs. Table 4. 1 shows four properties (i.e. coefficient of friction, toughness, thermal expansion, 
and corrosion resistance) for each of the materials. 
Table 4. 1 Properties of Available Material Alternatives For The Energy-harvesting Stairway 
Material 
Coefficient Of 
Friction 
Toughness 
(GPa) 
Thermal Expansion 
(10-6 / K) 
Corrosion 
Resistance 
Ceramics 0,5-0,7 0,17 6,5 Relatively Good 
Durbar Floor Plate (JIS G3101) 0,35 0,25 12,0 Relatively Not Good 
Aluminum 0,61 0,11 22,2 Relatively Good 
Wood 0,2-0,6 0,05 - Relatively Not Good 
 
The most common durbar floor plate to be found is made of JIS G3101 Steel which is a low carbonized type of 
steel commonly used for general construction projects.  
A previous study showed that the coefficient of friction generated by humans during walking movement (RCOF) 
is 0,1549 ± 0,009378 and thus, the material making up any surface of foothold should have a higher RCOF than that 
to prevent any occurance of users’ slip. Each of the four material alternatives has a larger coefficient and hence, 
fitting to be taken into condiration as the stairway’s foothold material. 
The larger the value of toughness of a material is, the tougher is the material and the stronger is the product. 
Table 4. 1 shows that the durbar floor plate is the toughest among all of the alternatives, followed by ceramics, 
aluminum, and wood. 
Thermal expansion is also an important material property to be taken account. In the context of designing an 
energy-harvesting stairway, the less the thermal expansion is, the better is the stairway. The smaller the material’s 
thermal expansion coefficient is, the less likey is the material to expand and change its shape when exposed to heat 
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or in this context, when the material is exposed to environmental changes and extreme weather. Furthermore, the 
thermal expansion material also indicates whether a material is an isolator or conductor. 
The categorizing of whether a material is resistant towards corrosion in Table 4. 1 is based on Voltaic Activity 
Series (Figure 4.1). Elements positioned on the upper side of the series are relative more prone to oxidation i.e. 
corrosion-irresistant. From Figure 4. 1, it could be seen that aluminum is positioned above iron, thus should be more 
prone to oxidation compared to iron. However, aluminum naturally creates certain oxides (Al2O3) on its surface 
which prevents further oxidations thus making it more resistant towards corrosion than iron. Therefore, it could be 
concluded that aluminum has well resistance towards corrosion. Unlike alunimum, iron does not naturally create this 
kind of special coat thus it is very resistant towards corrosion. Wood does not subject to corrosion yet dicomposes. 
 
  
Figure 4. 1 Voltaic Activity Series 
Source: (Blaber, 2000) 
Figure 4. 2 The Energy-harvesting Stairway Design With 
Covered Surface 
 
   
From the four material alternatives, ceramics and durbar floor plate are chosen as the two options with the best 
properties. In the next series of research, experiments on the stairway’s design are to be conducted and the mock-ups 
of the designs (with footholds made of ceramics and durbar floor plate) are to be created.  
Figure 4. 2 illustrates the stairway’s frame  covered with a shield made of composite material or the same 
material used to make the foothold. The design of the stairway does not extent to its handrail to facilitate users who 
are not accustomed to gripping a handrail while going up or down a stairway.  
 
5. Conclusions and Further Researches 
 
This study is a part of a research series conducted to design a sustainable energy-harvesting stairway. This 
research proposes a semi-public energy-harvesting stairway which is designed to be used by the public and to be 
placed both outdoor and indoor. It could be installed inside lecture halls, hotels, footbridges and etc. This 
characteristic has been included into the TRIZ and later incorporated into the stairway's whole design and product 
specifications. After this study had been conducted, a mock-up was created and tested to gain knowledge in terms of 
electrical input, output, and the chronological process in producing electricity. 
The first step in this study is customer needs data acquizition using questionnaire. The questionnaire results were 
processed using TRIZ method to obtain product specifications as shown in Table 3. 2. Based on these specifications, 
a finalized design was developed.  
The finalized design came up with two material alternatives for each stair’s foothold i.e. ceramics and durbar 
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floor plate, steel as composing material for frame, a case to cover sensitive parts with marks and another case to 
cover the space beneath stairs, electric and sensoric system as shown in section 4, and empty space between the 
bottom surface of each foothold and the top surface of the frame supporting in with a sponge reducer installed for 
stabilizing purpose. 
The context of this whole research series only extents to mock-up developing and testing. Similar further 
researches could engage in further ergonomic analyses. Further researches could lay emphases on handrail, other 
shapes of stairs, number of stairs or even other technologies. 
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